Cobalt(II) in acetylacetonate in carbon tetrachloride and in toluene was oxidized by the dissolved atmospheric oxygen, but the rate of oxidation was low.l The rate of back-extraction of cobalt(III) acetylacetonate complex in carbon tetrachloride into aqueous acid solutions was extremely slow because the cobalt(III) is kinetically inert.2 Such an oxidation of cobalt(II) during the solvent extraction and also the slow back-extractions of cobalt(III) chelates which are formed by the oxidation of cobalt(II) are well known. 3, 4 They are used for the separation and determination of this metal ion, for example, by using 2-nitroso-l-naphthol. 5 Dyrssen reported6 the solvent extraction of many metal ions with f3-isopropyltropolone (2-hydroxy-4-isopropyl-2,4,6-cycloheptatriene-l-one, Hipt). This reagent was effective for such extractions; the extracted complexes had strong absorptions in the visible region.
In the present note, we report the solvent extraction of cobalt(II) with f3-isopropyltropolone in toluene and its oxidation into cobalt(III) in the presence of the organophilic and effective oxidizing reagent p-benzoquinone (BQ). As reportedl, only the cobalt(II) in acetylacetonate chelate in carbon tetrachloride was oxidized by the dissolved atmospheric oxygen, among the four cobalt(II) /3-diketonates studied. However, we found that a small portion of Cobalt(II) in /3-isopropyltropolonate chelate in toluene was oxidized during the solvent extraction and this oxidation was much faster when p-benzoquinone was added. The oxidation of cobalt(II) in this solvent extraction system was found to be useful for the separation of cobalt from several other metal ions.
Experimental
All the reagents were "reagent grade". /3-Isopropyltropolone was supplied by Takasago Koryo Co. and p-benzoquinone by Tokyo Kasei Co. f3-Isopropyltropolone was recrystallized from cyclohexane and pbenzoquinone was recrystallized from water. Toluene was washed three times with water. Crystals of bis(/3isopropyltropolonato)cobalt(II) were prepared by a method similar to that was applied for the preparation of bis(tropolonato)cobalt(II).'
All the procedures were similar to those in the previous paper' at 298 K, except that Hipt was used as the chelating extractant and none or 0.001 to 0.01 mol dm 3 p-benzoquinone was added into the organic phase. The vessels of sample solutions were wrapped in sheets of aluminum foil in order to keep them in the dark, except when specially mentioned. The separation of /3-isopropyltropolonate complex of cobalt(III) from cobalt(II) and also from several other /3-isopropyltropolonate complexes in the organic phase was done by stripping cobalt(II) and the other metal ions with 1 mol dm 3 nitric acid. The content of cobalt in the aqueous solutions was determined by an atomic absorption method. In some experiments, the content of cobalt(III) was determined after the solvent was evaporated, the residue was decomposed by aqua regia and then dissolved in 1 mol dm 3 nitric acid. The solvent extraction of nickel(II), copper(II), zinc(II) or cadmium(II) under similar conditions was also studied in the same manner. The rate of oxidation of cobalt(II) in the /3-isopropyltropolonate complex in toluene was determined as follows: Crystals of bis(/3-isopropyltropolonato)cobalt(II) were dissolved in toluene which contained only /3isopropyltropolone or both /3-isopropyltropolone and pbenzoquinone at various concentrations.
The sample solutions were left standing in the dark. After a certain time, cobalt(II) and cobalt(III) complexes were separated by scrubbing with 0.1 mol dm-3 perchloric acid as described in a previous papers or 1 mol dm 3 nitric acid.
The optical absorption of the organic phase was measured by spectrophotometry.
Since p-benzoquinone has a strong absorption, the organic phase which extracted metal ions with /3-isopropyltropolone in the presence of p-benzoquinone was washed with an aqueous 0.1 mol dm 3 sodium carbonate solution. This eliminated the interference by p-benzoquinone and enabled the spectrophotometric determination of cobalt(III) complex.
Results and Discussion
Oxidation of cobalt(II) during solvent extraction The extraction equilibrium of cobalt(II) was established by the two-phase agitation within 1 min when the organic phase contained 0.1 mol dm-3 Hipt but no pbenzoquinone. The oxidation was found to be negligible during this procedure. Moreover, in the absence ofp-benzoquinone, the oxidation of cobalt(II) during the solvent extraction was only partial, even after the two phases were agitated for a long time without any shield of light. For example, when the aqueous phase at -log [H+] 5 .2 containing 1X104 -mol dm 3 cobalt(II) and the organic phase containing 0.1 mol dm 3 Hipt were agitated for 1 h, only 6X10-6 mol dm 3 of cobalt(III) was formed.
The distribution ratio in this extraction system was dependent not only on the concentration of /3-isopropyltropolone in the organic phase but also on the initial cobalt(II) concentration in the aqueous phase, even when the concentration of /3-isopropyltropolonate ion, ipt-, in the aqueous phase was kept constant. This suggests that the extracted cobalt(II) /3-isopropyltropolonate complex undergoes polymerization in the organic phase. The equilibrium is more complicated when the metal concentration is higher. However, when p-benzoquinone was added, the extraction from the same aqueous phase was quantitative. Thus, the polymerization of the cobalt(II) complex does not affect the extraction in the presence of p-benzoquinone.
The solvent extraction of cobalt(II) with 0.1 mol dm 3 /3-isopropyltropolone in toluene was measured as a function of -log[W] after the two-phase agitation for 30 min. Figure 1 gives the results. The slope of the log D vs. -log[H] plot of cobalt(II) decreases as -log[H] increases , or as log [ipt-] increases. This should be an overall effect of polymerization of the extracted cobalt(II), for example, as is found with the extraction with several carboxylic acids9 and also an effect of the formation of /3-isopropyltropolonate complexes in the aqueous phase, as was pointed out with f3-diketones.10 For example, when only a dimerized species is extracted and the formation of the /3-isopropyltropolonate complex in the aqueous phase is negligible, the distribution ratio should be given as . Thus the slope could be a value between the two extremes, 4 and 0. However, no further discussion is given here about this very complicated equilibrium, which is dependent on the concentrations of Cot, /3-isopropyltropolone and H+ in a very complicated way. When 1 X 10-3 mol dm 3 p-benzoquinone was added to the organic phase containing 0.1 mol dm-3 /3-isopropyltropolone, the extraction of cobalt was enhanced and the acid washing of the extracted cobalt became difficult. Figure 1 also gives the extraction data when this organic phase was agitated with the aqueous phase initially containing cobalt(II) for 30 min. This was due to the oxidation of cobalt(II) to cobalt(III).
The extraction of cobalt(II) with 0.1 mol dm 3 13-isopropyltropolone was further studied in the presence of 1x10-3 mol dm-3 p-benzoquinone in the dark. By an addition of p-benzoquinone, the distribution ratio of cobalt did not change at initial and thus we concluded no synergistic effect exists with these two reagents. However, the distribution ratio gradually increased when the two phases were agitated furthermore and the distribution ratio became higher than 102 at -log[H+] about 4.8. The organic phase thus obtained showed the same absorption as Co(ipt)3.1' The optical density of this cobalt(III) /3-isopropyltropolonate complex was rather high: the molar extinction coefficient at 415 nm was found to be 1.89X104 mol dm 3 cm 1. Thus, it is possible to determine the extracted cobalt(III) in the organic phase by spectrophotometry after removing the pbenzoquinone by washing with 0.1 mol dm-3 sodium carbonate.
All the extraction procedures of cobalt(II) described above were started just after the mixing of the organic solution of J3-isopropyltropolone and p-benzoquinone. However, another series of extraction experiments in the presence of p-benzoquinone was also performed as follows. A toluene solution containing both the /3isopropyltropolone and p-benzoquinone was prepared and left standing for 4 to 24 h without any shield of aluminum foil. Then an aqueous solution containing cobalt(II) was agitated with this toluene solution. In this system, the rate of oxidation was higher than that in the system in which the two organic solutions were mixed just before the extraction. Table 1 shows the effect of standing time after the mixing of these reagents and before the addition of cobalt(II). These results suggest that the rate of oxidation is accelerated by certain substances produced during the standing of the organic solutions containing the two reagents. Furthermore, by separate experiments, we found that p-benzoquinone was not an effective oxidizing reagent for cobalt(II) when a /3-diketone such as acetylacetone was employed as the extractant in toluene. This also supports the above assumption.
Oxidation of cobalt(II) in toluene solution
In toluene, cobalt(II) was partially oxidized even in the absence of p-benzoquinone.
For example, when the initial cobalt(II) concentration in a toluene solution was 1x10-4 mol dm 3 and the Hipt concentration was 0.1 mol dm 3, about 6% of the cobalt(II) was oxidized by allowing the solution to stand for 24 h. By an addition of p-benzoquinone, the oxidation was accelerated and became quantitative. For example, the extracted cobalt(II) in toluene was quantitatively oxidized after 10 min when 0.01 mol dm 3 p-benzoquinone was added.
The rate of oxidation may be given as: 
From the log([Co"]org/[Co"]org,init) Vs. standing time plot, the value of kobsd was obtained in a similar manner to that in the previous study.' Figure 2 shows the kobsd, as a function of the concentration of p-benzoquinone at different sets of [Hipt]org when the initial cobalt(II) concentration was 1.2X 10-4 mol dm 3. We also found that the observed rate constant, kobsd, was higher when the initial concentration of cobalt(II) complex was lower, when the standing time was longer, the value of kobsd became higher. This shows that the oxidation reaction is very complicated. However, since the oxidation is quantitative under the conditions already written, we will not consider of this problem further now.
Separation of cobalt from the other elements
Several coexisting metal ions can be separated from cobalt by solvent extraction with toluene containing both /3-isopropyltropolone and p-benzoquinone. Table 2 gives the results of the recovery of five metal ions by scrubbing with 1 mol dm 3 nitric acid. The metal ions were extracted into toluene containing the both reagents by agitation for 30 min and then the organic phase was washed with 1 mol dm-3 nitric acid. Only less than 1 % of the extracted cobalt was stripped but the other metal ions were quantitatively removed from the organic phase. The poor recovery of cadmium(II) was due to formation of precipitates on the interface. It was found that when iron(III) was extracted into the organic phase, the stripping by this acid solution was not quantitative. Thus, iron(III) should be separated by a pre-extraction at a lower pH where cobalt(II) would not be extracted. 6 The cobalt(III) f -isopropyltropolonate complex which remained in the organic phase can be determined by spectrophotometry after p-benzoquinone was removed by washing the organic phase with 0.1 mol dm-3 sodium carbonate solution, as mentioned above. 
